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Abstract—Two monolithically integrated optical displacement
sensorsfabricated in the GaAs/AlGaAs material systemare re-
ported. Thesesingle-chipmicrosystemsare configured asMichel-
son interfer ometers and comprise a distributed Bragg reflector
(DBR) laser, photodetectors,phaseshifters, and waveguidecou-
plers. While the use of a single Michelson interfer ometer allows
measurement of displacementmagnitude only, a double Michel-
son interfer ometer with two interfer ometer signals in phase
quadratur e alsopermits determination of movementdir ection. In
addition, thr ough the useof two 90� phase-shiftedinterfer ometer
signals in the latter device, a phase interpolation of 2�/20 is
possible,leading to a displacementresolution in the range of 20
nm. The integration of thesecomplex optical functions could be
realized with a relatively simple fabrication process.

Index Terms—Distributed Bragg reflector lasers,optical device
fabrication, optical distancemeasurement,optical interfer ometry.

I. INTRODUCTION

T HE first measurementsusing the interferometerwhich
bearshis namewere carriedout by Michelson in 1881

[1]–[3]. This historical experimentproved that the speedof
light was not influencedby the motion of the earth relative
to a hypothetical ether. The same experimentalsetup was
subsequentlyused for spectroscopicand displacementmea-
surements.In that age, gas vapor discharges were the only
availablespectrallypurelight sources,suchthat displacement
measurementswere limited to distancesof about 1 m due
to the limited coherencelength of the source.Using highly
coherentlaserlight, interferometricdisplacementmeasurement
is possibleat distancesexceeding100m [4] andrepresentsan
important researchand industrial tool.

Using the technologyof integratedoptics, light is prop-
agatedin waveguidesinstead of free space,implying that
extremelysmall optical circuits can be fabricated.Integrated
optical sensorsusing waveguidesare thus very compactand
physically robust and may easily be fabricated by mass-
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productiontechniques[5]. For thesereasons,integratedoptical
Michelson interferometershave becomevery attractive for
optical displacementmeasurement,both in the laboratoryand
for applicationsin the field.

We presentin this paperthe design,fabricationtechnology
and characterizationof III–V semiconductor-based,mono-
lithically integrated displacementsensors.These fully in-
tegrated measurementmicrosystemsinclude all active in-
terferometercomponentson a single semiconductorchip.
Following a brief survey of previouswork in this field, we
will presentthe required processesfor the fabrication of a
semiconductor-basedinterferometer,discussdistributedBragg
reflector(DBR) lasersas light sourcesandselectivebandgap
shifting for on-chip transparency.We will then presentthe
performancecharacteristicsof boththesingleMichelsoninter-
ferometer(SMI) [6] andthe doubleMichelsoninterferometer
(DMI) with two 90 phase-shiftedreferencebeams[7] and
concludewith a comparisonof thesestructuresand existing
displacementsensors.

II. SUMMARY OF IO DISPLACEMENT SENSORS

Due to the attractive features of an integrated optical
(IO) approach,numerousworkershavedevelopedMichelson
interferometer-baseddisplacement sensors using various
technologies.One of these approacheshas been described
by Ulbers [8] andwascommerciallyavailablefor sometime
(HommelwerkeSensorGmbH) [9]. This deviceconsistedof a
Michelsoninterferometeron a silicon chip wherewaveguiding
wasby planarwaveguides.An externalgradientindex(GRIN)
lens was usedfor the collimation of the measurementbeam;
in addition, an externaldiode laser and photodetectorswere
requiredfor stimulationand signal measurement.

The IO Michelson interferometerfabricatedby Jestel[10]
used ion-exchangestripe waveguideson a glass substrate,
thermo-opticphaseshifters to define the relative phaseshift
betweenthetwo referencearmsanddirectionalcouplersto di-
vide the incominglight into referenceandsensingbeam.This
deviceconsistedof two combinedMichelsoninterferometers
(often referredto as a doubleMichelson interferometer)and
alloweddirectiondeterminationof the movableobject.It also
requiredan externaldiode laserand externalphotodetectors,
plus oneexternallymountedbeam-shapingelement.
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The measurementof displacementis also possible with
Mach–Zehndertype interferometers;Voirin [11] reporteda
Mach–Zehnderinterferometerfor this application.This sensor
was fabricatedin glasswith ion-exchangestripe waveguides
andwavelength-stabilizedto within 10 6. The usualexternal
elements,namelylaser,detectorsandGRIN lens,wereagain
necessaryto operatethe interferometer.

Recently,Suhara[12] publisheda monolithically IO po-
sition sensor. This III–V-semiconductor-baseddevice was
configuredasa doubleMichelsoninterferometerandconsisted
of a DFB laser,planarwaveguides,and grating couplersbut
without a phaseshift betweenthe two referencebeams.The
gratingcouplerservedasbeamsplitterandalsoascollimation
lens for the measurementbeam.A similar device with two
phase-shiftedinterferencesignals but without an integrated
DFB laserwas demonstratedin 1989 [13].

III. III–V PROCESSING

Monolithically integratedoptical circuits, fabricated in a
III–V semiconductorsystem,havebeenextensivelydeveloped
for telecommunicationapplications;thematerialsystemsused
have beenchosenfor their suitability for the fabrication of
lasersat the requiredwavelengths.Integrationof the compo-
nentsnecessaryfor an optical circuit requiresthe ability to
fabricatean integratablelaser,a meansto selectivelydefine
transparencyacrossthe chip, and techniquesfor achieving
electricalandoptical isolationbetweendevices.We will pro-
vide here an overview of the more salient aspectsof the
fabricationprocessesrequiredfor the interferometers.

A single layer structurewas usedfor all requireddevices
and was grown by metal-organic vapor phaseepitaxy on a
GaAssubstrate(n-doped1018 cm 3 Si). An undoped165-nm-
thick Al0.3Ga0.7As waveguidecore containinga single GaAs
quantumwell (7 nm) wassandwichedbetweena 1.1- m-thick
Al0.8Ga0.2As lower claddinglayer (n-doped1.5 1018 cm 3

Si) andan0.85- m-thickAl0.8Ga0.2As uppercladdinglayer(p-
doped1018 cm 3 Mg). A 160-nm-thickhighly p-doped(5
1018 cm 3 Zn) GaAscaplayercompletedthestructure.As we
will discussbelow, a postgrowthbandgapshifting technique
was usedto selectivelydefinetransparencyacrossthe wafer,
suchthat only a single epitaxystepwas required.

Using a standarddry etch chemistry, 3- m-wide ridge
waveguideswere etched to a depth of 100 nm above the
waveguidecore; this was followed by the dry etch of a 500-
nm-deepoptical isolation trenchbetweenlaseranddetectors,
which wassubsequentlyfilled with p-metallayers.Passivation
and electrical isolation of the ridge sidewallswas achieved
through a 250nm thick PECVD-grown Si3N4-layer. Proton
implantation (H 4 1015 cm 2, 40/70/100 keV) and a
cap etch, outsideall contactareas,were usedto generatea
high electrical resistancebetweenlaser and photodetectors
( 10G ). After a contact hole etch on top of the ridges,
standardp- andn-metal layerswere evaporated.

Fabricationof the DBR grating involved the dry etch of a
gratingrecessto a depthof about230nm abovethe core.The
third ordergratingwasthendefinedby holographicexposure
andsubsequentdry etching.Cleavingof thebarsto thedesired

lengthandevaporationof suitablefacetcoatingscompletedthe
processing.On the left laser facet,we useda high-reflection
(HR) coatingin orderto reducethelaserthresholdcurrent;and
on theright interferometerfacet,anantireflection(AR) coating
wasevaporatedto improve interferometersignalcontrast.

A. SelectiveBandgapShifting

The combinationof lasersand transparentwaveguidesre-
quiresthe definition of sectionswith different bandgapener-
gieson thesamesubstrate.Themethodsto solvethis problem
can be divided into growth- and intermixing approaches.
The most popular among the growth methodsare selective
areagrowth [14]–[16] and etch and epitaxial regrowth on a
nonplanarpatternedsubstrate[17], [18]. The first allows the
simultaneousepitaxyusingdifferentgrowth rates,and,there-
fore, the growth of quantumwells with different thicknesses.
In contrastto this, the secondusesa subsequentgrowth of
materialwith differentquantum-well(QW) thicknesses.Other
possibilitiesareselectivepartial intermixing of the QW using
impurities[19], [20] or vacancies[21]. Theprimaryadvantage
of the intermixing methodsis that they requireno additional
regrowth,whereasthe high temperaturerapid thermalanneal-
ing (RTA) step necessarycan lead to dopantmigration. We
employed an impurity-free intermixing approach,vacancy-
enhanceddisordering(VED), for the definition of transparent
regions.

TheVED techniquerequiredthat thesamplebecompletely
coveredwith a single layer of eithere-beamevaporatedSiO2

or thermally evaporatedSrF2. During RTA at 960 C for 30
s, group-III-vacanciesare generatedunder the SiO2-cap but
not under the SrF2-cap. Under SiO2, the vacanciespromote
intermixing of the Ga in the initially pure GaAs QW with
Al of the adjacentAl0.3Ga0.7As core, therebyincreasingthe
Al-content and the energy bandgapof the QW. The final
effect is an anneal temperature-dependentblue-shift of the
photoluminescence(PL) spectrum.Fig. 1 showsthe achieved
blue-shiftsasa functionof temperatureandannealtime. After
an RTA of 30, 60, and 90 s duration, and at temperatures
between910–960C, we measuredblue-shifts of 5–68 nm
underthe SiO2-cap and lessthan 10 nm underthe SrF2-cap.
Both dielectricsare strippedby wet or dry etchantsafter the
annealstep.

Thismeansto selectivelypromoteablue-shiftin theabsorp-
tion wavelengthcantheneasilybe usedto definetransparent
regionsin aquantum-well,waveguide-basedopticalcircuit; for
the applicationsdiscussedbelow, the passivewaveguidesand
couplerswerefabricatedin regionscoveredwith SiO2 during
anneal,whereasthe lasersandphotodetectorsweredefinedin
the unshiftedregionsdefinedby SrF2.

B. Bandgap-ShiftedFabry–Ṕerot Lasers

In order to demonstratethe good laserquality of material
subject to a VED anneal,we fabricatedFabry–Ṕerot lasers
in both the shifted and the unshifted regions of annealed
material, as well as in as-grownmaterial in a processde-
scribedpreviously [22]. The laserswere 500 m long with
a ridge width of 4 m and were tested in bar form under
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Fig. 1. Photoluminescence wavelength shift of SiO2-capped and
SrF2-capped material after vacancy-enhanced disordering at different
anneal temperatures and anneal times. Excitation of the photoluminescence
was accomplished with an argon-ion laser (� = 488 nm, P = 10 mW)
and measured at room temperature.

CW conditions at room temperature. The spectra of repre-
sentative as-grown, SrF2-, and SiO2-capped devices showed
laser emission at wavelengths of 826, 823, and 805 nm,
respectively; thus the VED-induced wavelength shifts were
3 and 21 nm.

The as-grown laser had a threshold current of 12 mA
( A/cm2) and a slope efficiency of 0.52 W/A. A
maximum output power of 14 mW at was achieved.
In comparison, the P–I-curve of the SiO2-capped laser had a
lower threshold current of 10 mA ( A/cm2) while the
SrF2-capped device had a somewhat higher threshold current
of 14 mA ( A/cm2). The slope efficiencies of
the SiO2-capped laser (0.42 W/A) and the SrF2-capped laser
(0.36 W/A) were lower than that of the as-grown laser. The
higher threshold current and lower slope efficiency of the
SrF2-capped laser were probably caused by repeated plasma
exposure of its contact region during SiO2 removal, SiO2

patterning and Si3N4 patterning.

C. DBR Laser

Numerous approaches have been developed for the integra-
tion of a laser with an optical circuit; these include evanescent
coupling between waveguides and emitting regions (requiring
an additional impedance matching layer and regrowth) [23],
[24], butt coupling between laser and photodetector (needing a
mirror dry etch technique) [25] or the use of surface emitting
lasers and photodiodes (requiring high-quality dry-etched mir-
rors) [26]. For the present work, the use of a simplified, single-
growth-step, two section DBR laser, described previously [27],
[28], represents an attractive solution with respect to both
process compatibility and feedback stability for an integrated
interferometer.

The pumped section of the laser was fabricated in an area of
the chip not subject to a bandgap shift during VED, while the
Bragg reflector was etched into the shifted, thus transparent,
region. The use of a so-called grating recess (see Fig. 2)
allowed accurate vertical placement of the grating [28]; this

Fig. 2. Schematic picture of a single-growth-step DBR laser with a holo-
graphically-defined, grating fabricated in a grating recess.

recess was dry etched to within 150 nm of the active region,
leaving an accurately defined layer for the Bragg reflector. The
holographically defined third order grating had a period of 375
nm, 1:1 line-to-space ratio and 100 nm depth. The 50 nm thick
buffer layer between grating and waveguide core determined
the coupling coefficient, approximately 100 cm1.

Performance evaluation of discrete DBR lasers was carried
out CW at room temperature. As seen in the inset to Fig. 3,
maximum output power was 5 mW from the cleaved facet,
threshold current was 26 mA ( kA/cm2) and slope
efficiency was on the order of 0.21 W/A. The latter value
could be further improved by ensuring a closer wavelength
match between the Bragg peak of the grating (820 nm) and
the semiconductor gain peak (825 nm). The laser spectrum, as
shown in Fig. 3, was single longitudinal mode with a primary
emission peak at nm and had a side-mode suppression
ratio (SMSR) of 27 dB. High-resolution spectral measurements
and detailed near-field studies indicated that the laser operated
with a single transverse mode. Self-heterodyne measurements
of the laser spectrum gave a spectral linewidth of 500 kHz.

From the Fabry–Ṕerot mode spacing of 0.16 nm, we could
calculate the effective cavity length to be about 630m
implying an active grating length of approximately 130m.
The primary emission peak could be continuously temperature-
tuned between 15–35C, leading to a temperature tuning
coefficient of 0.06 nm/C.

D. Integration: Laser, Waveguide, and Photodetector

To test the suitability of these DBR lasers and the VED
technique for bandgap shifting described above, a simple
optical circuit consisting of 500m long pumped laser sec-
tions, 130 m long nonabsorbing DBR reflectors, 570m
long transparent waveguides, and 500m long absorbing
photodiodes was fabricated. The entire chip, 1700m long,
was traversed by a single 4m wide waveguide.

As shown in Fig. 4, we simultaneously measured the
cleaved facet output power with an external photodetector
and the output power from the grating side of the laser with
the integrated photodetector; for current values up to 35 mA,
the two curves follow each other closely. Above this current
level, the integrated photodetector seems to saturate, likely
because no reverse bias voltage was applied. This operating
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Fig. 3. Optical spectrum of a DBR laser with a 500-�m-long pumped and a 130-�m-long grating section driven at2:3 � Ith. The inset shows the
I–V- and the P–I-curve.

Fig. 4. Cleaved facet optical output power and photodetector current versus
laser injection current of a DBR laser monolithically integrated with a
transparent waveguide and an absorbing photodetector.

condition was chosen because the resistance parallel to the
reverse biased photodiode is about 5 kand thus leakage
currents were relatively high.

The wavelength-shifted waveguides had optical losses com-
parable to as-grown transparent waveguides and were on the
order of 1.5 dB for the short lengths (0.57 mm) employed. Pho-
todiodes of this design typically have a high responsivity (0.6
A/W), implying 90% quantum efficiency. If we assume
that the laser output from the grating side (with reflectivity
30–40%) and the cleaved facet side (reflectivity 31%) are
roughly equal, we can determine a total conversion efficiency
of laser output into detector current of 0.47 A/W; no obvious
performance differences between annealed and nonannealed
photodetectors were noted.

IV. I NTERFEROMETERDESIGN AND CHARACTERIZATION

The optical circuits we describe in this paper were con-
figured either as single Michelson interferometers (SMI), or
as double Michelson interferometers (DMI); both of them
are shown schematically in Fig. 5(a) and (b). The SMI de-
vices included a DBR laser, a photodetector, and waveguides
forming a directional coupler, while the DMI’s consisted
of one DBR laser, two photodetectors, two Y-couplers, two
directional couplers, and two phase shifters. The ridge width
of the waveguides was 3m and all curve radii were 500m.
The passive waveguides were fabricated in the areas with
intermixed quantum wells and had, because of the relatively
small bandgap difference of 45 meV between intermixed and
nonintermixed sections, an absorption loss of 35–45 dB/cm.
Since the total waveguide length did not exceed 3 mm, this
relatively high absorption loss was not overly detrimental for
interferometer performance. The total chip lengths were 1.95
mm for SMI’s and 2.6 mm for DMI’s.

Both the pumped laser section and photodetectors were
fabricated in the nonintermixed, and thus absorbing, areas of
the chip and had a length of 500m each. The length of the
nonabsorbing DBR grating section was 200m; here, we used
a third order grating with a period of 380 nm, a depth of 160
nm and 1:1 line-to-space ratio. A 70 nm thin buffer layer
between the bottom of the grating and the waveguide core
resulted in a calculated grating coupling coefficient of 100
cm 1; this gave the desired grating reflection coefficient of
about 95%. The left cleaved facet of the interferometer served
as the second laser mirror.

These interferometer chips were tested in bar form and
were temperature-stabilized to within50 mK using a thermo-
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(a)

(b)

Fig. 5. (a) Schematic representation of a single Michelson interferometer for
optical displacement measurement. (b) Schematic representation of a double
Michelson interferometer for optical displacement measurement with direction
determination.

electric cooler. The measurement beam, collimated by an
external GRIN lens (pitch 0.23), was directed onto a
semi-transparent, 67% reflecting mirror through which the
reflected beam position could be observed by a CCD cam-
era. Observation was necessary to adjust the beam properly
into autocollimation. By using a pitch of 0.23 instead of
0.25, we could prevent physical contact of the GRIN lens
with the cleaved interferometer facet, reducing the prob-
ability of facet damage. The semi-transparent mirror was
fixed to a piezo-driven, gimbal-mounted holder with which
the measurement distance could be varied between 3–45
cm. Tilt control of this mirror was performed by piezo-
actuators, resulting in a tilt accuracy of 0.33rad/V in the
horizontal and of 0.67rad/V in the vertical direction. With
this arrangement, we were able to produce either a 20m
unidirectional movement, or a movement with periodically
( s) changing direction. The unidirectional movement
was used to test the SMI’s and led to 49 interference fringes,
each of them corresponding to a mirror movement of 410
nm (see Fig. 6). The displacement with periodical direction
changes every 2m was used to measure the characteristics
of a DMI.

V. SMI PERFORMANCE

The photodetector of the SMI was reverse biased at5 V
and had a leakage dark current of 500 pA; responsivity of
such detectors is typically 0.6 A/W. The electrical resistance
between the laser diode and the adjacent photodiode was

Fig. 6. Interferogram for 3-cm mirror distance and 95% mirror reflectance
as measured by integrated photodetector using a SMI.

measured to be on the order of 10 Gand the optical output
power from the interferometer was estimated to be about 2

W. The measured interference signal is shown in Fig. 6;
it exhibited a good temporal stability but was very sensitive
to vibration of the external components. Displacements of a
quarter of a fringe, or approximately 100 nm, were resolvable.
With this single Michelson interferometer configuration, no
determination of a change in movement direction is possi-
ble.

A large constant offset in the photodiode current, dominated
by optical crosstalk between laser and photodiode, was seen.
The interferometer signal as a function of the external phase

, defined by

includes a constant offset in the detector current signal, ,
due to optical crosstalk between laser and detector, as well
as a constant component due to visibility

less than unity. This crosstalk current
was reduced, but not completely eliminated, by the isolation
trench between laser and photodiode. To evaluate this offset
current, we removed the external optics and measured the
signal magnitude. Since we know the reflectivity of the AR-
coated facet ( 2%), we were able to estimate a value of 15.8
nA for the crosstalk current from this measurement. This value
agreed well with a more comprehensive measurement involv-
ing the use of five different external mirrors with differing
reflectivities. Subtracting the crosstalk current from the signal
values shown in Fig. 6 results in a considerably improved
contrast ( instead of ).

A plot of the corrected signal contrast (after subtraction
of the crosstalk current) as a function of mirror distance
is shown in Fig. 7. The Fourier-transformation of this auto-
correlation function allows the estimation of the DBR laser
linewidth; we calculated a value of 500 MHz, which is a
factor of 103 larger than the value obtained with a discrete
DBR laser. An investigation of the laser spectrum using a
scanning Fabry–Ṕerot resonator exhibited an irregularly flick-
ering spectrum with approximately the linewidth calculated
above, and not the expected broadened Lorentzian-shaped laser
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Fig. 7. Signal contrast as a function of mirror distance using a 67% reflecting
mirror for the SMI.

Fig. 8. The two detector currents of the double Michelson interferometer
for 3.5 cm mirror distance and 67% mirror reflectance showing the two
interference signals. Direction changes occurred at 1.2�m and at 3.2�m.

line. These observations indicate clearly that the laser sees
numerous external cavities caused by facet reflections and
tries to optimize their phase conditions. The short coherence
length of the integrated DBR lasers therefore provides a
fundamental system limitation; current work is focusing on
the improvement of integrated laser linewidth.

VI. DMI PERFORMANCE

The DMI’s were characterized with the same setup as
described above; the application of electrical bias to the phase
shifters in the two reference arms allowed determination of
changes in movement direction in addition to the magnitude
of displacement. The DBR lasers operated at a current level
of 60 mA and a reverse voltage of 12 V was applied
to the photodetectors. The length of the phase shifters was
340 m which gave a one-pass phase shift of when
driven at 12 V bias voltage. Fig. 8 presents the result of an
interferometric measurement with a DMI at a mirror distance
of 3.5 cm.

Two changes of movement direction are clearly visible in
the figure: one at 1.2m and another at 3.2m. Again, one
interference fringe corresponds to a mirror movement of one
half of the measurement wavelength, namely 410 nm. The
amplitudes of the detector current signals, ( ), were 0.5

Fig. 9. The two detector currents of the double Michelson interferometer for
3.5 cm mirror distance and 67% mirror reflectance plotted as a function of
each other; the signal rotates around the figure at a rate of 1.1 nm/�.

and 0.4 nA, with optical crosstalk signals of 35 and 16 nA,
respectively. Due to thermal fluctuations on the chip, a noise
current with an amplitude of about 20 pA was seen in the
detector current, such that the signal noise corresponded to
about 5% of the output signal amplitude.

Plotting the two interferometer detector currents against
each other resulted in the elliptical Lissajous-figure shown
in Fig. 9. The ratio of the two normalized ellipse main
axes allowed an estimate of the phase shift between the
two reference signals, between 75–80. Since one rotation
(360 ) of the characteristic corresponds to a mirror movement
of 410 nm, we obtain a system measurement resolution of
approximately 1.1 nm/. If, based on the noise magnitude
mentioned above, we conservatively estimate the angular
interpolation to be limited to 2/20, or 18 , an interferometer
displacement resolution of 20 nm is easily achieved. A further
improvement of the resolution can be achieved by using an
exactly circular Lissajous characteristic; this requires a 90
phase shift between the two interference signals, achievable
with a slightly longer phase shifter.

The slightly distorted sine- and cosine-shape of the two
signals results from the parasitic reflection at the right cleaved
facet of the sensing beam. This reflection at the measure-
ment facet and the reflection at the object mirror generate
a Fabry–Ṕerot interferometer cavity, whose electric field in-
terferes with the one from the reference arm. We studied the
behavior of such a three-mirror interferometer by simulation
and were able to predict the asymmetric shape of the interfer-
ograms when changing the intrinsic phase between reference
and sensing arm, as seen experimentally and in agreement
with a similar, more comprehensive study in the literature
[29].

The maximum measurement distance for the DMI was
25 cm, corresponding to a laser linewidth of about 1 GHz.
In addition to optical feedback into the laser, the modal
behavior of the sensing beam waveguide was not ideal; higher
order waveguide modes could be observed under different
coupling conditions. This effect further reduced the contrast
and gave rise to occasional “mode hopping,” which was clearly
indicated by spontaneous changes of the phase between the
two interferometer signals.
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VII. CONCLUSIONS

Monolithically integratedsingle Michelsoninterferometers
and doubleMichelson interferometersfor contactlessoptical
displacementmeasurementand direction determinationhave
been demonstrated.The devicesconsistedof a DBR laser,
detectors, modulators, and waveguides,all fabricated on
a single GaAs/AlGaAs-chip. Displacement measurements
were performedusing only one external element for beam
collimation and a movable mirror as measurementob-
ject.

The monolithic double Michelson interferometer was
demonstratedto havea displacementresolutionof 20nm for
measurementdistancesof up to 5cm. In comparison,250nm
displacementresolution at distancesof 25cm have been
reportedfor nonmonolithicintegratedoptical implementations
[7], [9] and 1 nm resolution, at a distance of several
centimeters,has beenreported[8] for a glass-baseddouble
interferometer. A 100 nm resolution for short distances
has also been demonstratedfor a monolithic interferometer
[12], but without phase-shift between the measurement
signals.

Concerningdesignimprovements,we expecta considerable
crosstalkreductionby etchingan isolationtrenchwith a depth
of at least800nmandsubsequentp-metalcoatingof thetrench
sidewalls.Furthermore,a maximizedlaseroutput power and
a symmetric splitting ratio of the directional couplerswill
result in larger detectorsignalswithout increasingfeedback
of light into the lasercavity. Finally, AR-coatedfacetsmay
reducefeedbackand help to enlarge the coherencelength of
the laser.

Possibleapplicationsfor this device are short range dis-
placementmeasurementsin microsystems,in orderto monitor
the deflection of an AFM cantilever or the movementof
a diaphragm. A further interesting area of application is
displacementmeasurementat longer distances,for example
in height gaugesor in precisionmachinetools. For both of
the aboveapplications,a wavelengthstabilizationof 10 6,
achieved by locking the laser frequency on a Cs or Rb
absorptionline, would be necessary.
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